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a  b  s  t  r  a  c  t
Europium  (Eu)  doped  Calcium  ﬂuoride  (CaF2) nanoparticles  are  synthesized  by  co-precipitation  method
and characterized  by powder  X-ray  diffraction  (PXRD),  Fourier  transform  infrared  (FTIR)  spectroscopy
and  scanning  electron  microscopy  (SEM).  Also,  optical  absorption  and  photoluminescence  (PL) results  on
gamma  irradiated  Eu  doped  CaF2 nanoparticles  are  presented.  The  PXRD  patterns  conﬁrmed  the  cubic
crystallinity  of  the  samples  and  the particle  size  is  found  to be  ∼25  nm.  The  purity  of the synthesized
nanoparticles  is conﬁrmed  from  FTIR  spectrum.  The  morphological  features  studied  using  SEM  revealedeywords:
anostructured materials
rystal structure
oint defects
canning electron microscopy
uminescence
-ray diffraction
that nanoparticles  are  agglomerated  and  porous.  Optical  absorption  spectrum  shows  that  -rayed  Eu
doped  CaF2 nanoparticles  exhibit  absorption  bands  at  ∼279,  360  and  434  nm.  The  PL studies  showed
emission  at ∼420, 525  and  552  nm.
© 2011 Elsevier B.V. All rights reserved.. Introduction
Nanomaterials compose a unique class of materials that have
educed dimensions, typically within the range of 1–100 nm.  Nano-
aterials are strongly inﬂuenced by the surface characteristics
hich differ from their bulk counterparts. The loss of the three-
imensional periodicity of atoms in nanophase materials results
n structural modiﬁcations. These changes are known to alter elec-
ronic properties and chemical reactivity. Also, surface modiﬁcation
f insulating nanoparticles can lead to enhanced luminescence
fﬁciency. Fluoride nanomaterials form the subject of interest
ecause of their potential technological applications. In spite of
heir attractive structural and optical characteristics nanoﬂuo-
ides have not received as much attention as other optical and
ptoelectronic nanomaterials like semiconductors. Synthesis of
uminescent materials in nanophase can change the properties
nd efﬁciency of the materials for optical applications [1].  There
re number of well known and newly developed methods for
reparation of nanoparticles [2].  One of the ﬂuorides with a wide
ransparent spectral range (200–1100 nm)  and large band gap
∼12 eV) is Calcium ﬂuoride (CaF2). CaF2 gained a renewed interest
s a laser material when doped with rare earth materials [3]. CaF2
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oi:10.1016/j.jallcom.2011.04.135nanoparticles are synthesized by different methods such as solgel,
solvothermal, hydrothermal, reverse micelle [4–6]. In the present
work Eu (1–5 mol%) doped CaF2 nanoparticles are synthesized by
co-precipitation method and characterized by XRD, FTIR and SEM.
Also, optical absorption and Photoluminescence studies on gamma
irradiated (-rayed) Eu doped (2 mol%) nanoparticles are carried
out.
2. Experimental
Stoichiometric quantity of europium oxide (Eu2O3) was  taken in a 250 ml  coni-
cal ﬂask and small quantity of nitric acid (1:1 HNO3) was  added in to it. The mixture
was evaporated slowly on a sand bath to convert the Eu2O3 into europium nitrate
(Eu (NO3)2). Calcium chloride (CaCl2) and ammonium ﬂuoride (NH4F) were added
into the conical ﬂask in stoichiometric quantities and the mixture was dissolved
in  100 ml  distilled water. The mixed solution was stirred constantly for 2 h using
a  magnetic stirrer to achieve homogeneity. While stirring the transparent reaction
mixture transformed into opaque white suspension gradually. The solution was cen-
trifuged for 10 min  at 5000 rpm and a white residue was obtained. The residue was
washed thoroughly with ethanol to remove the residual chloride and the ammo-
nium ions. The product was  extracted on to a ceramic dish and dried slowly on a
sand bath maintained at ∼100 ◦C.
The XRD measurements of synthesized samples were carried out using Philips
X-pert PRO powder diffractometer with Cu-K radiation ( = 1.54056 A˚) in the scan
range 10–90◦ at a low speed of ∼1◦/min. The morphology of synthesized samples
was studied using scanning electron microscope (JEOL JSM-840A) by sputtering
technique with gold as covering contrast material. The FTIR spectrum was recorded
using Nicolet Magna 550 spectrometer with KBr pellets. The synthesized samples
were heat treated at 500 ◦C for 2 h. 2 mol% Eu doped CaF2 samples were exposed
to  -rays from a Co60 source at an activity 3.89 KGy/h. The -dose range was
32.4  Gy–15.56 KGy. The Optical absorption measurements of the -rayed samples
7672 C. Pandurangappa et al. / Journal of Alloys and Compounds 509 (2011) 7671– 7673
20 30 40 50 60 70 80 90
0
200
400
0
200
400
0
200
400
0
200
400
0
200
400
In
te
ns
ity
 (a
.u
)
2θ (degree)
1mol% Eudoped CaF2
2 mol%Eudoped CaF2
(422)(331)(400)
(311)
(220) 3 mol%Eudoped CaF2
4 mol%Eudoped CaF2
(111)
5 mol%Eudoped CaF2
w
b
a
e
3
3
i
8
i
[
T
F
f
p
t
i
c
500 100 0 1500 2000 2500 3000 350 0 4000
20
40
60
80
1555
3419
364
2360
5
4
3
2
1.  1 mol% Eu
2.  2 mol% Eu
3.  3 mol% Eu
4. 4 mol% Eu
5.  5 mol% Eu
Wavenumber(cm-1 )
Tr
an
sm
is
si
on
 (%
)
1
in the bond strength shifts the position of absorption bands and
changes their intensity. In Eu doped CaF2 crystal the doped Eu3+
ions substitute some of the Ca2+ ions in the CaF2 lattice. This resultsFig. 1. Powder XRD spectrum of Eu doped nanocrystalline CaF2.
ere carried out in the wavelength range 200–900 nm using V-570 UV/VIS/NIR dou-
le  beam spectrophotometer. The PL emission spectra of the samples were recorded
t  room temperature using a Fluorolog 3 Jobin Yvon spectroﬂuoremeter (FL3-11)
quipped with a 450 W Xenon lamp as the excitation source.
. Results and discussion
.1. PXRD, SEM and FTIR
The PXRD pattern of Eu (1–5 mol%) doped nanocrystalline CaF2
s shown in Fig. 1. The pattern was compared with JCPDS Card no.
7–0971. All the XRD peaks obtained were indexed and it resulted
n a cubic phase of the ﬂuorite structure with space group Fm3m
7]. The average value of lattice constant was found to be 5.478 A˚.
he crystallite size calculated using Scherer’s formula was  ∼25 nm.
rom the ﬁgure it is clear that the increase in concentration of Eu
rom 1—5 mol% did not cause any structural changes. The PXRD
attern of 500 ◦C heat treated samples was found to be similar to
hat of as prepared one with a marginal increase in intensity. This
ndicates that 500 ◦C heat treatment does not reveal any structural
hanges in the nanocrystalline CaF2. However, the crystallite size
Fig. 2. SEM picture of Eu doped (2 mol%) nanocrystalline CaF2.Fig. 3. FTIR spectra of Eu doped nanocrystalline CaF2.
of heat treated samples was found to be increased to 30 nm. This
indicates the agglomeration of nanoparticles due to heat treatment.
Fig. 2 shows the SEM photograph of as prepared Eu doped
(2 mol%) nanocrystalline CaF2. The SEM pictures indicate that the as
prepared nanoparticles are agglomerated from few microns to few
tens of microns. They are ﬂuffy and porous in nature. The presence
of voids in the as prepared nanoparticles can be clearly seen from
SEM picture. Fig. 3 shows the FTIR spectra of Eu doped (1–5 mol%)
nanocrystalline CaF2. The absorptions bands at 3400 and 1550 cm−1
are characteristic of H–O–H bending of the H2O molecules [9].  It is
clear from the ﬁgure that the ﬁve curves corresponding to different
concentrations are similar. This conﬁrms the iso-structural nature
of the 1–5 mol% Eu doped CaF2 nanoparticles [8].  With increase
in mol% of Eu there is no considerable change in the position of
bands. However, the intensity of the bands vary with increase in
Eu concentration. It is well established that in the FTIR spectrum
of a solid the band width depends on the nature of chemical bond,
bond strength and presence of defects in the sample. A small change200 300 400 50 0 600 700 800
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Fig. 4. Optical absorption spectrum of -rayed Eu doped nanocrystalline CaF2.
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ig. 5. Photoluminescence spectrum of -rayed Eu doped nanocrystalline CaF2.
n the local elastic deformation in the CaF2 lattice. As the concen-
ration of Eu increases from 1 mol% to 5 mol%, more number of Ca2+
ons are replaced by Eu3+ ions. Hence, the frequency of vibration of
istorted lattice changes with increase in Eu concentration. It was
bserved that in case of 500 ◦C heat treated samples the intensity
f 3400 and 1550 cm−1 bands was decreased. It could be attributed
o the release of water molecules trapped inside the solid matrix of
he sample.
The variation of back ground intensity with Eu concentration can
e accounted in the following way. With increase of Eu concentra-
ion from 1 mol% to 5 mol% the surface hydroxyl groups in the host
CaF2) lattice are said to increase [10]. The increase in number of
ydroxyl groups increase the intensity of FTIR absorption bands.
lso, the strength of the absorption bands depends on the con-
entration of the dopant [11]. Increase in the dopant concentration
auses reduction in the absorption and enhances the transmittance.
hus with increase in Eu concentration the back ground intensity
ecreases and the transmittance increases.
.2. Optical absorption spectra
The optical absorption spectrum of pristine and -rayed Eu
oped (2 mol%) CaF2 nanoparticles is shown in Fig. 4. The 500 ◦C
eat treated pristine sample showed minimal absorption and indi-
ated the defect free state of the nanoparticles. However, -rayed
u doped CaF2 samples showed three absorption peaks at ∼279,
60 and 434 nm.  The optical absorption increased marginally with
ncrease in -dose. But the peak positions are unaltered with
ncrease in dose. The presence of these peaks indicate that defects
re created in nanocrystalline CaF2 upon their exposure to -
adiations. The absorption peak at 279 nm in the present study
ay  be attributed to surface defects such as Schottky or Frenkel
efects in nanocrystalline CaF2 [12]. The 360 nm absorption peak
s attributed to F-center. It is known that -irradiation produces
ree electrons which when trapped at negative ion vacancies form
-center [13]. The peak at 434 nm is assigned to H-center which is
 hole connected with neutral ﬂuorine atoms in interstitial posi-
ions [14]. The increase in the absorption with -dose indicates the
ncrease in the concentration of defects with dose.
[
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3.3. Photoluminescence spectra
The PL emission spectrum of 2 mol% Eu doped CaF2 nanoparti-
cles is shown in Fig. 5. The pristine samples showed a prominent
emission with peak at ∼552 nm and three weak ones at ∼420 and
528 nm when the samples were excited at 360 nm. However, -
rayed samples showed a strong emission with peak at ∼420 nm
and a weak one at ∼525 nm for the same excitation (360 nm). The
PL intensity of 420 nm peak increased with -dose till 3.89 KGy and
decreased with further increase in dose. However, in case of 525 nm
peak the PL intensity decreased drastically after 3.89 KGy.
The -irradiation of Eu doped CaF2 samples reduces Eu3+ ions to
Eu2+state. However, at low -dose there will be considerable num-
ber of Europium ions existing in the Eu3+ state [15]. The existence
of Eu3+ ions is revealed by the characteristic Eu3+ emission peak of
at 525 nm in the irradiated samples. With increase in -dose major-
ity of Eu3+ ions get reduced to Eu2+ state. Thus the number of Eu3+
ions decreased. Hence, the intensity of 525 nm peak decreased for
higher -dose. The emission peak at 420 nm in the irradiated sam-
ples is attributed to 4f7 → 4f6 5d1 transitions of Eu2+ ions [16]. The
552 nm emission observed in the pristine sample is attributed to the
well studied 5D0 → 7F0 transition of Eu3+ ions [17]. The PL intensity
is found to be enhanced in the Eu doped nanocrystals when com-
pared with the undoped CaF2 nanocrystals studied by the present
authors.
4. Conclusions
Eu doped CaF2 nanoparticles synthesized by co-precipitation
method showed particle size of ∼25 nm.  The morphological fea-
tures showed that the as prepared samples were agglomerated
from few microns to few tens of microns, ﬂuffy and porous. The
FTIR spectrum revealed the presence of hydroxyl groups in the
as prepared sample. The increase in mol  percent of Eu does not
cause any structural changes. Optical absorption spectra revealed
the presence of number of defect centers in the -irradiated CaF2
nanoparticles. The PL results indicate that -irradiation reduces Eu
ions from Eu3+ to Eu2+ state and various intrinsic transitions of Eu2+
ions are possible in the Eu doped nanocrystalline CaF2.
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